IT has long been a commonplace of medical writers that the development of most diseases requires the co-operation of two sets of circumstances. On the one hand, the organism within which the morbid process is to unfold itself, must conform to certain conditions of structure and function. This is the so-called "internal" cause of the disease. On the other hand, some agent, the " external " cause, actually or functionally outside the organism, must exert an effect, peculiar to itself and a property of its own structure, upon the organism which is in process of becoming the seat of the disease. In a large number of instances we now know that the second of the abovementioned factors belongs to the groups of simply organized plants or animals. Hence the metaphor of " soil and seed " has been conventionally employed to express the belief outlined in the above sentences, and for the present we shall conform to this usage. It is evident that. soil and seed, being biologically distinct, may be supposed capable of independent variation. Fixing our attention upon any one kind of seed, we may imagine that in the whole " population " of such seeds all grades, of aptitude to germinate may be present. Similarly in the various soils, all grades of fertility for the growth of particular seeds may exist. Since the two variables are independent, the co-existence of any grade of the one with any grade of the other is a function of the relative frequencies in each " population." Evidently if the proportion of very readily germinating seeds in the seed " population " be extremely high, and the proportion of very infertile soils in the corresponding soil " population" very low, then, for that particular seed the choice of soil MY-5 a 148 Bulloch & Greenwood: Pulmonary Tuberculosis is relatively unimportant. We see instances of this in such diseases as measles. On the other hand, we have reason to believe that in the case of a disease like leprosy, fertile soils are uncommon. In the case of tuberculous disease, especially in its pulmonary manifestations, medical opinion has undergone fundamental changes. There was a time when the " soil" was regarded as of overwhelming importance, the existence of the "seed " being unknown or misjudged. With the discovery of the tubercle bacillus the trend of popular and, in many places, medical opinion has been to minimize the importance of the soil, if not to disregard it altogether. For reasons too obvious to require statement, it is desirable to know accurately what light has been shed upon this point by the large number of investigators who have studied it. We propose, therefore, to submit the results of a critical inquiry as to the value of work dealing with the respective shares of soil and seed in the genesis of pulmonary tuberculosis. Before, however, entering upon the details of this work it is desirable to refer to certain general aspects of the matter which are of great importance, even if frequently overlooked.
It is to be carefully noticed in the first place that no direct evidence on a matter of this kind can be obtained-so far, at least, as human beings are concerned. Were it 'possible to choose at random a large number of persons, to divide them at birth into two sets, to bring up one class in contact with exceptional opportunities for infection, and the other in circumstances presenting what one may call usual, normal, or wonted facilities, an examination of the differential incidence of phthisis would settle the question once and for all. No true experiment of this kind has been, or is likely to be, done. Cases often quoted as fulfilling the necessary conditions will not, we believe, stand critical examination. It has, for instance, been suggested that a comparison between the incidence of tuberculosis upon persons in attendance on tuberculous patients and the general rate will lead to results of value. When, however, the subjects of such a comparison are relatives of the diseased persons the question of inherited disposition to tuberculosis is begged. When the subjects of such a comparison are nurses or sick attendants, the difficulties of class incidence are not allowed for. Illogical conclusions of the following nature are frequently met with in popular medical writings. It is pointed out, perhaps, that the incidence of phthisis upon the attendants in some chest hospital or sanatorium for consumptives is much lower than upon the members of the households of tuberculous patients of the working classes. This difference is, then, attributed to the greater care exercised by the attendants in such insti-tutions to avoid infection, as contrasted with the carelessness of hygienic measures and overcrowding which characterize families below the poverty line. Such reasoning is based on the assumption that all persons are equally liable to develop phthisis, given an equality of chances to become infected. In other words, there is a circle in the proof. Precisely the same oriticism applies to the inferences often drawn from the higher prevalence of tuberculosis among the poorer classes in general, and in overcrowded dwellings in particular. It will, therefore, be apparent that all arguments of this kind require to be carefully weighed, and that in no circumstance can they be held to be of more than secondary importance. It is equally clear that the increased prevalence of phthisis in the families of diseased persons cannot of itself demonstrate the importance of a disposition to the malady in particular stocks, since such an inference would in turn beg the question of increased opportunities of exposure to infection.
A second preliminary observation relates to the direct transference of laboratory or veterinary experience to the realms of human pathology. Such a transference frequently savours of errors similar to those pointed out in the jests relating to the mechanics of the examination room, where wheels are frictionless and the weights of (very small) elephants may be neglected.
We shall now briefly review some of the more important work dealing with the problem under discussion, outlining first of all the state of medical knowledge prior to the discovery of the infectivity of tuberculosis. Secondly, we shall examine briefly the more recent literature dealing with the immediate problem, and finally some reference will be made to the bearing of these results.
Before, however, dealing with these details, it may be well to consider the concepts, which have been variously described as disposition, "anlage," diathesis, dyscrasia, constitution, habitus, temperament. Unfortunately these terms are used differently by different authors, although at one time they were considered as almost synonymous, and they were the subject of speculation too theoretical to be otherwise than mentioned here. The importance of this aspect of disease was largely developed by the Montpellier school, who separated "diathesis" from " disposition." This is clearly brought out in Sarda's learned study, and even more distinctly in the following definitions from a thesis by Pagnon (1838) , from which it appears that a diathesis is an " etat general et acquis de l'economie, modification insaissable dans son essence, pouvant rester inde'finitivement latent et se traduisant a l'exterieur sous 150 Bulloch & Greenwood: Pulmonary Tuberculosis l'influence d'une cause quelconque par des phenomenes identiques dans plusieurs points. Il ne faut pas confondre la diathese avec l'aptitude a contracter les maladies. Cette derniere resulte de conditions particulieres de sensibilite qui peuvent se rencontrer sans aucune modification morbifique."
There has also been a growing tendency among the German pathologists to restrict the meanings of such words as " disposition" and " disease-anlage." The recognition of the causa essentialis and the causa occasionalis of a disease is of importance. Thus, in his excellent introduction in the Krehl-Marchand " Handbuch der allgemeinen Pathologie" (1908), Marchand says: " Ein Krankheitsanlage im eigentlichen Sinne ist eine innere Causa essentialis, die ohne notwendiges Hinzutreten einer anderen Ursache die krankhaften Veriinderungen zur Folge hat oder zur Folge haben kann wenn auch in vielen Fiillen eine aiussere Einwirkung als 'Gelegenheitsursache' (causa occasionalis) die Krankheit selbst hervorruft." After referring to conditions like hbemophilia, colour-blindness, and developnmental irregularities, he goes on to say: " In allen diesen Fiillen ist die angeborne Anlage eine ihrem Wesen nach uns unverstiandliche Eigenthiimlichkeit der Organisation oder der 'Konstitution' die eine gewisse Minderwertigkeit in dieser oder jener Sphare bedingt und selbst schon den Keim der Krankheit darstellt. " Eine andere Reihe von sogennanten Dispositionen oder Anlagen ist nicht essentieller Natur. Man versteht darunter die grossere Empfiinglichkeit oder geringere Widerstandsfiihigkeit des Organismus gegeniuber gewissen iiusseren Einwirkungen die die eigentliche Krankheitsursache darstellen. Niemals kan eine solche 'Disposition' die Krankheit selbst zur Folge haben."
Birch-Hirschfeld uses the terms "Anlage " and "Disposition " as interchangeable. "Als Constitution bezeichnet man die Gesammtanlage des Korpers, sowohl hinsichtlich der Menge und des Verhiiltiiisses seiner einzelnen Bestandtheile zu einander, als auch nach dem Maass seiner activen Leistung in der einen oder anderen Richtung mit Einschluss seiner Reizbarkeit sowie seiner passiven Widerstandsfiihigkeit. Der Ausdruck der Constitution in der ausseren Erscheinung wird als Habitus bezeichnet; waihrend die Art der Reaktion die namentlich auch in den psychischen Bewegungen hervortritt als Temperament benannt wird." Like Marchand, Baumgarten also distinguishes the "disease-anlage," from the disposition. "Unter Anlagen," he says, " verstehen wir eine derartige in der Zellensubstanz bereits vorhandene Abweichung ihrer
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Lebensbewegung von der Norm, welche sich wandelnd durch die in ihr liegende Richtung aus sich selbst heraus friiher oder spaiter zu den Erscheinungen fuihrt, oder fiihren kann, welche zu einem einheitlichen Bilde zusammengefasst wir die Krankheit nennen . . Unter Disposition verstehen wir den einen der fur das Zustandekommen einer bestimmten Krankheit notwendigen Faktoren."
Ribbert refers to the Disposition as "diejenige Eigenschaft eines Organismus welche krankheitserregende Ursachen eine erfolgreiche Einwirkung gestattet."
These quotations will suffice to show the advisability of separating the " disease-anlage" (diathesis) from that condition of susceptibility to disease which is commonly called " disposition." With special reference to tuberculosis this is found running through the whole of medical literature. At first described as the phthisical " constitution " or "habitus," we find, later, such terms as " procatarxis," " predisposition," or " diathesis " as essential elements in the conception of this disease. In point of time we find in the classical writers, mainly the idea of constitution or habitus. Later, writers like Richard Morton, Desault, and others, described accurately what we should call the " predisposing" factors; while, at a still later period, Bayle founded the doctrine of the tuberculous " diathesis " in the strict sense of the word. Subsequent to the period of Laennec and Louis there was a gradual return to the doctrine of disposition which, in combination with the causa essentialis, determined the occurrence of a tuberculous infection. The relative importance of the disposing as contrasted with the infective element is the subject under discussion.
The description of the consumptive type created by Hippocrates runs like a thread through the whole fabric of medical literature. In the third book of the " Epidemics " he says: " The form of the body peculiarly subject to phthisical complaints was the smooth, the whitish, that resembling the lentil, the reddish, the blue-eyed, the leucophlegmatic, and that with scapule having the appearance of wings."
In the pseudo-Hippocratic treatise "Prorrhetics " it is stated that phthisis is difficult to remove if hereditary.' In the sixth book of the "Epidemics," which is probably spurious, there is a passage which suggests a belief in the constitutional factor. In Van der Linden's Latin translation it is given: " Morbus tabidam speciem inducit si talis ex natura aeger fuerit ex tali morbo superstes evadet; et alia eodem modo."2 Galen, in his account of the phthisical type makes the same remark as Hippocrates with respect to the scapulae, and he notices the narrow, shallow chest which frequently figures in later accountO.1 Celsus, while reproducing Hippocrates's clinical description, does not refer to the existence of a disposition, but he recoinmends taking "a long voyage, change of climate, taking care to remove to a grosser air " (Book III, chapter xxii).
Pliny (-23 79 A.D.) also makes no reference to disposition, but incidentally we may remark that he refers to a treatment popularly supposed to be quite modern: " Silvas eas dumtaxat quae picis resinaeque gratia radantur utilissimas esse, phthisicis, aut qui longa aegritudine non recolligant vires satis constat; et illum coeli aera, plus ita quam navigationem Aegyptiam proficere plus quam lactis herbidos per montium aestiva potus." 2
The post-Galenical writers, Aretaios, Rhuphus of Ephesus, Oreibasios
Aetios, Alexandros of Tralles, and Paulus of Aegina were collected in a single volume by Henry Stephans in 1564. Unless the phrase of Atios (de febribus hecticis ac tabidis). "Eas vero quae in tabem procedunt, sanare impossibile est. Natura enim ipsarum calida est et sicca," ' may be considered to have reference to a constitutional condition, we have found no new facts pointing to this belief in their writings. Avicenna (eleventh century), in the third book of the Canon, deals with the point at some length. His account is transcribed in a footnote,4 and appears to be little more than an amplification of the 
From these varied quotations it will be seen that while a belief in the existence of a physical type or habitus specially prone to phthisis is to be found in the great medical classics--it is certainly not clear that very great stress was laid on the matter. As we shall show, it is clear, however, that the idea that phthisis is an infective disease was not so entirely neglected by the ancients as has often been thought.
As a considerable proportion of the medical writings of the fifteenth and sixteenth centuries are purely derivative, we need not stay to analyse them. Coming to the seventeenth century, we may point out that Christopher Bennet, the first English writer on phthisis (1654), refers to the hereditary nature of the disease, which by the time we reach the eighteenth century had become a mere commonplace of the literature. This had also been emphasized by Lommius (1560) more than a hundred years before. While expatiating on the fact that phthisis is chronic and infallibly fatal, and incident to slender persons with narrow chests, long necks, prominent scapule, distorted legs, and to those persons subject to frequent defluxions, he adds, " idem malunm magna ex parte a parentibus ad liberos transit; sic ut integras etiam familias veluti jure quodam hereditario oppugnet."
With the appearance of Richard Morton's " Phthisiologia " (1694) we have emphasis laid on what we should call the disposing causes, in addition to the actual constitutional factor in the disease. He says (p. 64): " The cause of a consumption of the lungs in general is a vitiated disposition of the mass of blood of the spirits in the nerves, contracted gradually from several procatartick or predisposing causes in which the sharp or malignant serum or water of the blood being separated by the soft or glandulous substance of the lungs does stuff, inflame, and at length also exulcerate the lungs themselves, which is the immediate cause of this distemper." The " procatartick" causes specially referred to are: (1) Stopping of usual and necessary evacuations, monthly courses, child-bed purgations, old sores, fistulas, issues, sweating in the soles of the feet ; (2) passions of the mind-fear, grief, anger;
(3) intemperance in eating and drinking; (4) want of exercise; (5) night studies and long watchings; (6) sleeping in the day, and sleeping much; (7) an ill air; (8) " an hereditary disposition from the parents does very often bring a consumption of the lungs when everybody knows very well that those who come of consumptive parents are apt to fall into the same distemper"; (9) an ill-formation of the breast, whether it be natural or accidental. " I call that natural when the breast is narrow, the neck long, the shoulder-blades stand out like 153 154 Bulloch & Greenwood: Pulmonary Tuberculosis wings, and I call accidental when there is crookedness or distortion of the breast, whereby not only the parts of the breast, and especially the lungs, being once weakened in their tone, are rendered subject to the flux of rheumes." (10) Infection; (11) chalky stones and such like in the lungs; (12) some preceding distemper. " The body being thus predisposed to a consumption by these and other such like procatartick causes, the more immediate cause of this distemper is for the most part the taking of cold, from whence it comes to pass that in a body disposed in such a manner by a load of humours or water continually derived from the distempered habit of the body into the lungs a cough is caused that is not easily shaken off."
These views of Morton were much in advance of his time, and slightly paraphrased, may be looked upon as the opinions largely held at the present day. They were accepted in the main as current teaching shortly after his time. The popular medical view is seen in the following passage from a not very profound observer, Salmon. In his " Practice of Physick" (1716) he says: " To these previous symptoms you may add an hereditary disposition which gives more certainty to all the former signs. For as usually one troubled with gout or stone, asthma, king's evil, mania, frenzy or epilepsy usually beget children affected with the same diseases, so likewise one troubled with a phthisis or a consumption may beget a child apt to have the same disease." Referring to the symptoms of phthisis, he adds that, " though authors and even daily experience have approved all these signs to be the characteristics of a confirmed phthisis, yet it is as true that they do not all happen to every patient, but some to one patient, and others of them to another, and that according as their strength, nature, constitution, and habit of the body will admit them."
It was during the first third of the eighteenth century that Pierre Desault (1675-1737), a distinguished physician of Bordeaux, published his important views on the relationship of tubercles to the production of phthisis. Basing his views on long-continued pathological anatomical observations, he was the first to assert that the causes of phthisis were " conjoint " and " antecedent," the conjoint cause being that " dont la presence fait la maladie et la destruction la gu6rit. Cette cause conjointe de la phthisie nous l'6tablissons dans des tubercules et concr'tions qui se sont formez dans le substance du poulmon et qui sont repandus dans ses lobes. Ces concretions ressemblent a des grains de grele et sont de diff6rentes grandeurs." Desault distinguished three types of persons becoming tuberculous from antecedent causes, viz. Epidemiological Section 155 "(1) Ceux qui ont la poitrine serree, le col long, les epaules relevees comme des ailes d'oiseau y sont les plus sujets; (2) ceux qui ont le malheur d'6tre nez de parens phthisiques y sont tres-enclins, car cette mialadie 'a cela de commun avec bien d'autres, qu'elle se traduit par hf6ritage; (3) ceux qui sont engagez 'a vivre avec les phthisiques 'a les servir, peuvent prendre le mal, pour peu qu'ils y ayent de disposition; car il est contagieux, comme nous le serons voir dans la suite; ainsi les femmes qui servent leurs maris phthisiques le prennent souvent d'eux et les maris de leurs femmes." , The famous van Swieten, in his commentary on Boerhaave, apropos of the latter's aphorism regarding the gravity of hereditary phthisis gives the details of a family observed by himself. The mother came of a phthisical stock, and died of phthisis, together with the rest of her brothers and sisters, before the age of 30. The husband, a healthy man, lived to be over 80. Of the four children of the marriage which survived infancy three died of phthisis, while the fourth, " reliquorum sorte territus, tempestivis venae sectionibus funestam haemoptien cavit," a plan of operations which he seems to have carried out with such vigour as eventually to die not of phthisis but of its prophylaxis. The children of this man were healthy at the time of record.
These excerpts will show the current teaching on the nature and causes of phthisis towards the last third of the eighteenth century. But a new era was setting in. The foundations of the morbid anatomy of phthisis laid by Desault were sunk deeper by William Stark and Matthew Baillie in this country, and the recognition of the macroscopic "tubercle " as a constant factor in consumption was almost bound to alter the current of thought on the awtiology of the disease. This alteration came about particularly through the observations of G. L. Bayle, to whom we largely owe the idea of a tuberculous diathesis, an idea destined to play a dominant r6le in all discussions on this subject, down to the researches of Villemin and Koch. The evolution of the idea of a diathesis as opposed to mere disposition is to be found in Bayle's paper, " Remarques sur les tubercules" (1803) , and was based on the observation of tubercle, not only in the lungs but in many other parts of the body, showing apparently that the condition is not only local but general. As this doctrine was new, and was destined to be the cause of heated conflict during the subsequent sixty years of medical research, we quote Bayle's exact words. On p. 28 of the above-mentioned memoir, under the title, " Considerations pathologiques relatives aux tubercules," he says-: " II n'est pas rare de rencontrer chez le meme sujet des tubercules tres-nombreux dans divers organes; par exemple, dans les poumons et le m'sentere, dans le mesentere et le foie; dans les poumons, les reins et la prostate; ou meme dans la plupart des organes ou nous les avons precedemment decrits. Cette simultaneite paralt indiquer que la nature de tous les tubercules est identique, et elle montre qu'il existe souvent dans l'economie une disposition particuliere qui determine leur formation. Peut-etre conviendrait-il de designer sous le nom de diathese tuberculeuse, tendance ' la production des tubercules."
The opening years of last century witnessed extraordinary developments with regard to the whole question of phthisis and the establishment of the doctrine of tubercle as the morbid substratum of diseases which had hitherto been classified from their semeiological resemblances only. This development we owe largely to the magnificent work of Laennec. He laid the basis of the doctrine of tubercle as a definite pathological change irrespective of its site; he distinguished the nodular and diffuse forms of the infiltration, and established the concept of a "tuberculous degeneration," or " tuberculous affection," which was the real basis of conditions which had hitherto been misunderstood. The whole problem was elaborated by Laennec into the comprehensive concept of " tuberculosis," the real essence of which was some change taking place within the body as the result of various predisposing factors, many of which he specified. A great many of the details of Laennec's teaching, especially as regards the evolution of tubercle, were the subject of heated discussion immediately after his publications. To this period belong the researches of Gendrin, Lobstein, Andral, and particularly Louis in France; Barron, Carswell, and James Clark in England,;
Sch6nlein and Canstatt in Germany; and Rokitansky in Austria. But the dominating and accepted view was that tubercle as a general pathological process is something inherent to the body and dependent on a diathesis, or constitution, which is lighted into activity by various predisposing causes. Thus Andral says that " there are certain habits of body, certain constitutions, innate or acquired, that predispose to the development of tubercle, that is to say, it most frequently appears in those constitutions, and it is a remarkable fact that it is in such cases especially that we observe the morbid production developing itself in several organs at once, both in the young and in the old" (p. 537). Further on he says: "I think I am borne out by facts in the two following propositions-(1) that the tubercular diathesis is in indirect proportion to the development of the constitution above described;
(2) that in proportion as this constitution becomes less strongly mairked the tubercles also become less frequent and especially occur in fewer crgans at once." The peculiar constitutions he refers to are met with in individuals whose skin is very fair, and in whom the prominences of the cheek exhibit a red tint as if it were laid on with a brush, which forms a remarkable contrast with the dead white of the rest of the cheek. Their muscles are soft and slender and show little contractile power, their blood is serous and deficient in fibrin and colouring matter, and among theii secretions the mucous predominate. " It seems to me," he says, "that such persons preserve in adult age several of the characters belonging to the age of childhood, considered in its healthy or morbid state; their organization is in a manner arrested in its development."
That the constitution could be transmitted was held as a fixed belief. It was also held, however, that the disposition might remain latent. Thus the illustrious Thomas Young wrote in 1815: " There is a very general prejudice respecting the transmission of a tendency to scrofula which is often the source of much unnecessary uneasiness; it is supposed by many to constitute a marked and decided character, incapable of being increased or diminished, and which must in all probability produce at some time or other the most melancholy effects in the individual and in his descendants. In fact, however, no man was ever born incapable of becoming scrofulous, and in this sense every person may be said to possess more or less of a scrofulous taint, which may become mischievous or fatal to all, under improper manag.ement, but which in other circumstances may easily remain latent throughout life." We commend the calm good sense of this passage to those enthusiasts who teach that " soil " is everything, just as we advise the more numnerous band of zealots who hold seed to be all important to peruse another passage from the same work, which we shall cite directly.
The diathetic doctrine of Bayle, which spread through the works of the early years of the nineteenth century, appeared on so firm a basis that even with the rise of exact morbid anatomy it still continued as a fundamental belief. Thus in Rokitansky we find the prevailing idea of a dyscrasia: "Das Exudat kann in einzelnen Fallen das lokale Product einer Entziindungsstase sein, gemeinhin ist diese aber selbst die Lokalisation der Tuberkelkrasis, und das tuberculose Exudat somit grosstentheils das Product allgemeiner dyskrasischer Vorgiinge." As manifestations of this dyscrasia, Rokitansky, on the basis of his enormous pathological experience, formulated his conception of the "phthisical habitus," viz., a heart too small for voluminous lungs in a long narrow thorax, a certain crasis of the blood favouring exudations, a delicate arterial wall, a weak muscular system, &c. In spite of the additional powers given to Virchow through the perfection of pathological histology, even he was dominated by and permeated with the idea of a tuberculous disposition or dyscrasia. In the second volume of his great work, " Die krankhafte Geschwiilste," published so late as 1864, he still maintained that the cause of tubercle is to be sought in a general or local disposition leading to a vulnerability of the tissues. " Die Tuberculose," he says, " ist wesentlich eine Krankheit des extrauterinen Lebens und wenn sie hereditiir sind, was nicht bezweifelt werden kann, so ist sie doch nicht congenital. Hereditiir ist sie nicht als Krankheit sondern als Disposition. . . . Die Gewebe sind die Triiger der Disposition, der hereditiiren Vulnerabilitiit."
It was shortly prior to the publication of Virchow's great work that Buhl in Munich had introduced into the whole subject a new conception in so far as he emphasized the constant association of miliary tuberculosis with a pre-existing caseous focus, and he correctly interpreted these two factors as those of effect and cause. According to him tubercle is a specific resorptive disease originating in the absorption of a special poison into the blood, and he considered that the inheritance of the disease consisted in the transference of the special poison to the germ cells. In 1865 came the epoch-making communication of Villemin, in which he was able to assert that tubercle is a specific infective disease with its cause residing in an inoculable agent. His subsequent observations were collected in his great work, " Etudes sur la tuberculose," published in 1868. In spite of his demonstration that tuberculosis is due to a specific inoculable virus, he was not carried away with the idea that the mere presence of this virus explains all the phenomena of the disease, for he particularly emphasizes the fact that in the prophylaxis of tuberculosis two points are of cardinal importance, viz., the knowledge of the existence and condensation of the morbid ferment, and " l'aptitude du milieu organique." " L'hygieniste," he says, in conclusion, " ne doit pas perdre de vue les principes qui reposent sur ces deux ordres de faits." In his last important paper, " De la propagation de la phthisie" (1869), he sums up in masterly style his views on the dissemination of the disease, views which it may be said have originated the whole trend of medical opinion since his time. By series of experiments he demonstrated anew the infectivity of phthisical sputum by inoculation, inhalation, or ingestion; pointing out the danger of sputum getting into the air as dust. He .recognized the fact that expired air as such does not seem more capable of transmitting the disease than it is of conveying glanders. The virulent principles of both diseases do not seem volatile enough to be conveyed by air. Phthisis does not seem to spread among the attendants in consumptive hospitals in London because the expectorated matters are received into places where they can decompose. The most favourable conditions for contagion are to be found in the dwellings of the poor and in common habitations, such as barracks, convents, prisons, &c. He concludes that the prophylaxis of phthisis may be summed up by avoiding the morbific agent and augmenting the resistance of the organism. In reading the work of Villemin one cannot but be struck by the temperate view he takes even in the presence of the momentous discovery he had made that tubercle is an infective disease, for by demonstrating that its cause is essentially external he had destroyed for ever the belief that tubercle owes its origin to some internal transformation of the tissues excited by an accidental or occasional cause. Even in the light of the discovery of a specific virus he realized the importance of the terrain or soil on which this virus is to flourish.
The fifteen years following Villemin's publication may be described as the " Sturm und Drang" period in the research on tubercle. Its culminating point was Koch's famous paper, "Ueber Tuberculose," delivered before the Berlin Physiological Society on March 24, 1882.1
In it we have the isolation of the actual virus of tuberculosis and the demonstration of the unity of tubercle as a pathological process-a complete and irrefutable confirmation of the doctrines of Laennec and Villemin. In his completed paper (" Die Aetiologie der Tuberculose," 1884) Koch also refers to the hereditary predisposition to tuberculosis in a particularly temperate manner. " Against the view," he says, " of the unity of all forms of disease caused by tubercle bacilli is the material difference in the course taken by the disease in different individuals of the same race, and in their susceptibility to tuberculous infection. These are, however, phenomena which appear in a more or less marked manner with all infective diseases. It is usual to get out of the difficulty by supposing that there is a difference in the predisposition to the disease both as regards taking it in the first place and the greater or less severity of the course it runs, but this specifies the fact rather than explains it. Some of the dissimilarities in the pictures presented by cases of tuberculosis may be ascribed to differences in the seat of infection. Then, too, the quantity of infective material coming into operation in the first place seems to be of essential importance...... 1882, p. 190. 159 160 Bulloch & Greenwood: Pulmonary Tuberculosis But although a good many of the phenomena classed together under the head of 'predisposition' may be referred to simple and easily explained conditions, some facts still remain difficult, or limpossible to interpret, compelling us for the present to accept the view of a varying liability. Most important of all is the striking difference between the course of tuberculosis in children and in adults, and again the undeniable predisposition to tuberculosis which exists in some families. In the latter instance many of the cases of illness, where predisposition is supposed to be an important factor, might rather be ascribed to increased opportunities of infection, and there are also peculiar predisposing influences connected with the family constitution to be thought of, such as a tendency to catarrhal affections of the respiratory organs and imperfect development of the thorax. Still many carefully observed cases remain which cannot be explained in this manner." Koch also emphasized the fact that the disposition to the disease must be variable as regards time, for a tubercle might attain a considerable size and then contract and cicatrize. Such temporal chang'es show that there is nothing against the view that conditions favourable or unfavourable to the tubercle bacilli are present in some human beings not only temporarily but for the whole lifetime. With regard to the question of inheritance in tuberculosis, he expressed himself quite definitely in the statement that it " is explained most naturally by supposing that the infective germ itself is not inherited but rather certain peculiarities favourable to the development of germs which may later on come into contact with the body-in fact, it is the predisposition to tuberculosis which is inherited."
In spite of the temperate views expressed both by Villeinin and Koch, the founders of the doctrine of infectivity of tuberculosis, many of their successors at once adopted much more advanced views, in which an overwhelming importance was ascribed to the infective agent. We have, however, seen the belief in a special susceptibility of persons conforming to a particular physical type recurring at intervals from the time of Hippocrates to the end of the nineteenth century. Great and often untrustworthy as may be the influence of dogma and tradition, it is surely unscientific to pretend that this belief is without any other warrant than mere authority. Evidently, if it is once admitted that a phthisical type exists, then it is clear that the question of an inherited disposition becomes of more than academic interest, since few will deny that the physical characters of mankind are heritable in a high degree.
In our opinion there is no warrant for calmly ignoring, as has been done, the evidence we have cited.

CONTAGION.
It may be a fact that in pre-bacteriological days too little stress was laid upon the communicability of phthisis, but it is a vulgar error to suppose that the matter was never discussed. Aristotle, in the " Problems,"' inquires why consumption, but not dropsy, can be comiiaunicated to persons near at hand. "A consumption infects because it renders the breath bad and heavy. And those diseases are caught the most rapidly of all others which arise from putrid breath--such, for instance, as are pestilential diseases. But he who approaches such disorders as these draws to himself a breath of this kind. He becomes diseased, therefore, because such breath is noxious. But he becomes diseased through one person because this one person alone has a putrid breath and others have a different breath. And he is infected with the same disease because the breath of a consumptive person is vitiated through the consumption alone." Francis Adams, the learned translator of Hippocrates, adduces reasons for holding that Isocrates thought consumption to be contagious. Galen says explicitly that "it is dangerous to pass the whole day with the consumptive, and in general with all those persons whose diseases generate putrid effusions, so as to make the house in which they live-ofensive." Avicenna also considered consumption to be contagious.
Coming to modern times, Lommius (1560) has the following striking passage: "Jam etiam sputum mistum purulentum, idemque foetidum quod halitus etiam contagione imprudentes alios labefactat, assiduaque febris, quae opportuna cibo tempora eripit et multam sitim movet, in tenui corpore certum esse periculum ostendunt." Morton (1694) was convinced that consumption is propagated by infection: "For this distemper (as I have observed by frequent experience), like a contagious fever, does infect those that lye with the sick person with a certain taint." He refers to the case of a phthisical youth who appeared to have infected both his sister and a nurse with the disease. We have already quoted similar views as expressed by Desault in his commentaries on Boerhaave's aphorisms, refers to a youth who spit up such foetid matter in the inorning that he (Van Swieten) (who was " not so nice as to be easily affected with this kind of thing") was scarce able to endure the stench. "Certe juvenis ille cujusmodo mentionem feci, infecit sororem et ancillam quae ipsae in morbo assidue mninistraverant." The value of Van Swieten's testimony is perhaps discounted by the somewhat improbable story he relates, according to which a man's wife expiring of a consumption, giving him a farewell kiss, all that part of his chin which her lips had touched remained ever after smooth, though the beard grew thick all round (" postea ille locus glaber mansit, licet densa barba cresceret in omni ambitu "). Cullen (1796) , while not denying the possibility of contagion, had never, among many hundreds of instances of the disease, seen one which to him could appear to have arisen from contagion. Heberden (1803), however, a contemporary of Cullen, had seen " several die of consumption in whom infection seemed to be the most probable origin of their illness, from their having been constant companions or bedfellows of consumptive persons." In Italy in particular the contagious origin of phthisis was widely but not universally accepted. Thomas Young, for example, cites the writings of Borsieri (1782), who remarked that the College of Physicians of Tuscany had decided against the contagious theory, but had not succeeded in convincing the authorities of the uselessness of precautions. Boiseau, in his learned paper, also cites Cocchi (1761) as an anticontagionist. Young's own views on the subject appear to us worthy of reproduction in full. He says:-" It has been much disputed whether or no consumption is ever capable of being communicated by contagion, and it must be allowed that it would be extremely difficult to produce any strong demonstrative evidence of the fact. It may often have been observed that the husband or wife of a corsumptive person has died consumptive within a few months after that person's death; but it will appear upon calculation, that this circumstance must happen in London more than once in about two months, before we can deduce from it any proof of the probable connexion of the two events. For one, at least, of 50 adults may be expected to die annually, and consequently one of 200 by consumption, or one out of 400 in six months; and if we estimate the number of married persons dying annually of consumption at 2,000, we may expect to find five instances of apparent contagion without any real foundation. The evidence which has been adduced to prove the infectious nature of consumption has been by no means of this precise nature, but it has consisted in great measure of absurd and almost superstitious accounts of the propagation of the disease by articles of dress and furniture. At the same time, there has been a very general impression among medical men of the best judgment, with the best opportunities for observation, that they have met with unequivocal instances of the communication of the disease, especially between husbands and wives, and in families partaking of the same hereditary constitution; and Dr. Rush has given an account of a consumption manifestly contagious, which spread from the family of the proprietors of an estate among the negroes, who were neither related to the first victims, nor bad been subjected to fatigue or anxiety on their account. I have myself known an instance of a carpenter who died of a laryngeal consumption, and whose wife died soon after, as I was informed, of a disease precisely similar, and I should think it unjustifiable, from a full confidence in the absolute impossibility of infection, unnecessarily to expose any person who appeared to have the slightest predisposition to the disease to any intimate communication with a consumptive patient-as, for instance, to sleeping in the same bed or living constantly in the same room, which is nearly the extent of the apprehension expressed by Galen himself, who observes that it is dangerous to pass the whole day with consumptive persons." (Young, pp. 46, 48.) Had this passage been written in 1910 instead of 1815, we are not acquainted with any evidence which would disentitle it to be regarded as eminently worthy of the author's scieiitific reputation.
Laennec, while referring to the fact that consumption had long passed for a contagious disease " by the people, by magistrates, and some medical men, especially in the southern parts of Europe," did not think that it appeared to be contagious in France. "We frequently observe," he continues, " among the poorer classes, a numerous family sleeping in the same apartment with a consumptive patient, and a husband occupying to the last the same bed with his wife without any communication of the disease. The woollen apparel and the beds of consumptives which it is the custom to burn in certain countries are not generally washed, and yet I have never seen the disease communicated by them. It would be well, nevertheless, were it merely on the score of pruidence and cleanliness that greater precautions were taken in this respect. It is well ascertained that a disease not usually contagious may become so in certain circumstances." Forbes, whose translation of Laennec we have just quoted, adds in a footnote that the opinion of the great majority of medical men in this country is opposed to contagion, an ,opinion which he considers is justified equally by statistical facts, by the truths of pathology, and by analogical reasoning. Forbes himself had never witnessed among the thousands of cases he had attended one MY-6 unequivocal instance of transmission by infectipn. Sir James Clark, one of the most careful observers who have written on phthisis, was of the same opinion.-That the tuberculous constitution was transmitted, however, he considered to be one of the best established points in the aetiology of the disease. Louis, likewise, whose work is a mine in which most subsequent writers have quarried, was no supporter of the doctrine of contagion. Sir Thomas Watson, in his well-known treatise, discusses the question of the contagiosity of phthisis in his usual temperate manner, and concludes that the " disorder does not spread by contagion."
We have referred above to the epoch-making work of Villemin, who established beyond doubt the existence of contagion as a factor in tuberculosis. About the same time William Budd arrived at a similar conclusion by a different process of analysis. He noted the importance of the geographical distribution of consumption in past and present times, and especially its great fatality now in countries which when first discovered by Europeans were entirely free from it. He also drew attention to the prevalence of tuberculosis in convents, harems, barracks, and penitentiaries, where the inmates live in relativelyclose contact with each other. It may be pointed out, however, that the exact data on which Budd based his assertions are not given in detail in his paper. Shortly after the publication of the writings of Budd and Villemin reports began to appear which seemed to favour more and more the idea that phthisis is communicable from one person to another (Bergeret, Wernich) . It was not that these observations were of a kind new to medical literature, but that the interpretation of the findings was different. Immediately after Koch's discovery the question created enornmous interest. It was one of the principal themes for discussion by Riihle and Lichtheim at the second Congress for Internal Medicine in Wiesbaden in 1883. Both these authors considered that, although contagion was not doubted, the question of a disposition was of the greatest importance.
One of the most ardent supporters of the contagion doctrine was Cohnheim, and it is probably largely through his dominant influence that the idea of a disposition came to be suddenly discredited. "The assumption," he says, " of an inherited predisposition to this disease is not, in my opinion, necessary to explain its subsequent development in the children of tuberculous parents. For the fact that several members of a family become tuberculous proves nothing but the presence in it of conditions calculated to give rise to tuberculosis; and what condition could be more favourable to its production than the presence of a, Epidemiological Section phthisical patient in the family ? When a child nourished by its tuberculous mother becomes tuberculous it is less far-fetched to assume the communication of the disease by the mother's milk into which the virus may pass than the inheritance of a diseased constitution. . . . In short, where the opportunities for acquiring tuberculosis are so manifold we must be furnished with proofs of at least a different character to those already brought forward before we can accept as demonstrated the existence of an hereditary predisposition to the disease" (p. 735). As late as 1899 a similar extreme position was taken up by Cornet in his exhaustive work in " Nothnagel's specielle Pathologie und Therapie." He dismisses the question of hereditary disposition in a few pages, finishing up with the following conclusion, printed in extra heavy type: "Ein maassgebender Einfluss auf die Entwickelung und Verbreitung der Tuberculose kommt auch der hereditiiren Disposition nicht zu." Apart from a hereditary disposition he considers that disposition is often really exposition, and that is the main line of his argument.
It may be pointed out, however, that in the period immediately following Koch's discovery great activity was manifested in civilized countries to settle the question of the contagiosity of phthisis. Collective investigations, so-called, were instituted-e.g., in America, Germany, France, Italy, and England. The results of the opinions of some 50,000 doctors who participated in this gigantic undertaking have been described by Cornet as " mehr als bescheiden." We may particularly refer to the. " Collective Investigation Record, edited for the Collective Investigation Committee of the British Medical Association by Professor Humphry and F. A. Mahomed" (1883) . In spite of the fact that the Association was urged to action by preliminary exhortations of coryphai like Sir William Gull and Sir James Paget, the net result of the endeavours of British physicidns was indeed modest. Out of many thousands who were circularized 1,078 made returns. A great many (673) of these returns were simply negatives containing the word "no," meaning that no case of contagion had been observed by the member making the return. These returns, admitting of no further analysis, were set aside. The remaining 405 observers were classified as follows, viz.: (1) 261 with affirmative answers, (2) 39 doubtful, and (3) 105 negative. In Class 1 there were several groups, as follows: (A) A study of the details of many of the returns shows that they cannot withstand criticism. . Thus one of the eight cases alleged to have occurred between unrelated persons was the following: Observation 260.-" A female, aged 24, mother and father both alive and healthy, but all the maternal aunits died of phthisis (!) Before her confinement she had slept constantly with a person, no relation, who had phthisis. She was before this free from all symptoms of the disease."
Among the negative returns we may direct special attention to Observation 392, which the key informs us was that of Sir Clifford Allbutt. It runs: " Although my attention has been given for many years to this question, I never have observed a case of even probable transmission of phthisis from one person to another."
Observation 311 was that of Sir William Church: "Like everyone else I have seen cases of two, three, or more of a family, generally sisters, suffering one after the other, but that does not enable me to answer the question in the affirmative."
The general result of collective investigation records in this country and elsewhere would seem to show that the value of the contagion factor in phthisis is not so easily determined as inany have supposed.
We may conclude this section with some reference to the views of August Hirsch (1886) , than whom no one possessed a wider range of knowledge or could draw his deductions in a more logical manner. He discussed the bearing of the infective theory of the origin of phthisis upon actual facts that had been ascertained by historico-geographical and statistical research, and concluded that " the contagious transmission of phthisis plays but a subordinate part in the spread of the malady, and it will be all the harder to exclude that conviction if we bear in mind that many parts of the world which offer in. respect to sanitation favourable conditions for the occurrence of the disease have little or none of it, although there has been no lack of imported cases. All this seems to show that the transmission from person to person takes place only under certain conditions, and I hold it to be at least doubtful whether these conditions are created simply by individuals living together in close intercourse. . . But no one need hesitate to affirm that the decisive factor in the genesis of the disease has to be looked for in the disposition of the individual to fall into the same." Our quotation from Hirsch brings us to a period now a quarter of a century remote, and it will be our endeavour in the next section to determine what advances have been made in this period, and what is Epidermiological Section1 the trend of opinion to-day on the doctrine of Disposition as a factor in phthisis.
The chief branches of inquiry through which it has been sought to advance the problems of infection and disposition to pulmonary tuberculosis have been (1) bacteriological and pathologico-anatomnical;
(2) epidemiological and statistical; (3) clinical.
With regard to the first of these a large amount of evidence has accumulated to show that the susceptibility of animals to a particular infective agent varies with the animal, and even among species of the same anirnal. The gradual deepening of the whole problem of immunity compels one to assume that the disposition is a variablc factor, and in a large number of instances the study of acquired immunity has served to bridge the chasm between disposition and infection. In the case of tuberculosis in particular, however, unexpected difficulties have been encountered, in so far that it is not at all clear in what manner immunity is produced against the tubercle bacillus.
The pathological anatomists have made numerous contributions of first-rate importance. Among them is the establishment of the fact that tuberculous lesions are found in an enormous number of the autopsies made on adults. The very careful series of cases studied by Naegeli, and in particular by Burkhardt, show that over 90 per cent. of adults have tuberculous lesions. If the tubercle bacillus were ubiquitous, and we could assume that the opportunity of infection were equal for everyone, the occurrence of such an enormous amount of tubercle, compared with the fact that only, say, one-seventh of the human race die of tubercle, would show that the remaining six-sevenths possessed a degree of immunity which enabled them to overcome an infection which had already taken place. The problem is, however, by no means so simple, inasmuch as it remains doubtful to what extent the figures of Naegeli and Burkhardt are applicable to the population in general. In both these series the material was obtained in hospitals (Zurich and Dresden), and thus was selected. Further, as Fliigge has correctly pointed out, the death-rate refers to all cases of death, children included, and does not refer to certain ages only. Calculating out Burkhardt's figures as percentage of healed and progressive tuberculosis to total deaths, Fliigge makes out that the number of those " disposed" between the ages of 18-60 must approximate to 60-70 per cent., the number of non-disposed sinking to 30-40 per cent., a very different figure from that obtained by a superficial examination of Burkhardt's 167 168 Bulloch & Greenwood: Pulmonary Tuberculosis figures. Fltigge points out further that, far from the tubercle bacillus being ubiquitous, it is in reality local, and thus the opportunity for infection must vary within wide limits. That a considerable number of human beings are tuberculous, however, is also shown by the inoculation of tuberculin carried out by Franz on the soldiers of two Austrian regiments. Over 60 per cent. gave a positive reaction.
The study of pathological anatomy in the last twenty years has gone to show more and more that the doctrine of a phthisical constitution is on a sound basis. It is impossible to analyse the publications dealing with this subject. Indeed, this is all the more unnecessary as it has been very completely done by Hart and Schltiter. This view is also supported by the work of Beneke, Birch-Hirschfeld, Schmorl, Bartel, and many others. The main problems studied have been in connexion with attempts to determine why the lungs, and especially the apices of these organs, are much more frequently affected than other parts of the body. Thus some have tried to uphold the doctrine of a general pulmonary disposition, others that there is an individual susceptibility of the apices on the basis of a general constitution. There, certainly seems good ground for assuming that anomalies, congenital or acquired, of the upper thoracic aperture are responsible for frequent infections in this site.
Coming to work dealing more precisely with epidemiological and statistical inquiry, a large number of publications have made and are making their appearance. To notice these in detail would require muore space than remains at our disposal; we shall, therefore, confine ourselves to a brief general review indicating what, in our judgment, are the salient features of different types of work. We can at once put on one side the very numerous lectures, addresses, and pamphlets which merely repeat evidence already discussed in earlier sections of this paper, or affirm conclusions (of most diverse natures) on the strength of general medical opinion, " universal experience," or the writer's (unpublished) observations. Such a process considerably reduces the amount of material to be examined. The residuum can be divided roughly into two classes: (1) Papers adducing evidence to prove that the environmental factor is the all-important one; (2) papers leading to a precisely contrary conclusion.
Work falling in Class 1 can again be divided in accordance with the method adopted into direct and indirect investigations. By direct investigations we understand papers in which facts are collected which are thought to demonstrate at once the all-sufficiency of the environ-Epidemiological Section mental factor. Most of these papers contain details of more or less extensive series of cases in which, according to the author, the hereditary factor seemed to be of little moment, or the existence of the disease in several members of a family could be referred to some common source of infection. A relatively favourable instance of this class of paper is afforded by a contribution published by v. Sokolowski in 1901. This author collected data respecting no less than 32,694 patients seen by him in private practice, including 8,074 tuberculous subjects. While recognizing the existence of an hereditary influence in certain cases, he was of opinion that its frequency was not so great as " die Aerzte es gewohnlich annehmen." v. Sokolowski emphasized the miagnitude of his series and called attention to the danger of basing c6nclusions upon but few instances.
In our opinion, however, v. Sokolowski's data are so presented that no conclusion whatever can be drawn from them with regard to the question of heredity. The sibships of the different individuals are not stated, nor the age distribution of the non-phthisical patients, so that it is impossible to say how many of them can reasonably be regarded as still " exposed to risk." The author's conclusion is, indeed, based upon a fallacy very common in medico-statistical writings. He seems to think that a knowledge of the frequency of tuberculosis among the ascendants of phthisical persons is a sufficient basis for deductions. It should be clear that to base a conclusion upon the single fact that in his series not more than 25 per cent. of the parents of tuberculous patients themselves suffered from the disease would be illogical, even if all the family histories were completed. The percentage of tuberculous ascendants in the stocks of non-phthisical patients was an essential preliminary, and this does not appear to have been ascertained; in fact, there is no evidence of a control experiment having been done. It is of interest to notice that the intermarital correlation, the only constant for the deduction of which v. Sokolowski provides sufficient data, is about 0 2 (Pearson and Pope, p. 8), a value indicating but little relationship.
We have dwelt upon v. Sokolowski's paper because it is a relatively favourable specimen of its class, the deductions not being of a very sweeping character. One cannot, however, fail to remark traces of a defective logical method which seems to us to vitiate so many similar results. In this connexion we may refer to the severe and, in our opinion, unanswerable strictures passed by Hamer upon the statistical evidence adduced by Cornet with regard to the Catholic Nursing Orders in Germanv (Bulstrode) .
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It is not necessary to criticize a type of paper represented by the work of a German writer in which three cases of phthisis are described in two brothers and a sister. The author suggests that all may have been originally infected by the father, the disease being lighted up bv sexual or other excesses, since the daughter had recently married, while of the two brothers, one, in particular, had exceeded "in Baccho et Venere."
Manv writers have attempted to throw light upon the question by a study of the incidence of phthisis upon husbands and wives. As this subject was exhaustively discussed by Pearson and Pope in 1908, and was also the subject of a paper read by one of us at a meeting of this Section in 1909, we need not refer to the matter in detail. The conclusions expressed by the authors named, that interconjuigal infection is a factor of but secondary importance, has not, we think, been seriously disputed; criticism having been mainly directed to the alleged imperfections of the data analysed.
On the whole, we venture to express the belief that no papers falling under the present category have materially added to the knowledge of thirty years ago, which has been detailed in earlier pages of this memoir. We accordingly turn to writers who have adopted a different and less direct process of inquiry.
During the last five-and-twentv years the tuberculosis-rate has markedly fallen in almost every, if not every, land. Within the same period a belief in the communicability of phthisis has been more and more disseminated. Much effort has been devoted to the diminution of possible sources of infection, attention has been directed to the necessity of disinfecting houses or rooms occupied by tuberculous patients, a war has been waged against the disgusting habit of indiscriminate expectoration, increasing numbers of phthisical patients have been segregrated in public institutions, and, generally, medical miien and public health officials, both lay and professional, have laboured unceasingly to conquer the disease. It would naturally be expected that the fall in the phthisisrate would be associated psychologically at least in many minds with the multifarious activities displayed. Such has been the case, and a considerable literature, both lay and professional, has sprung into existence. The fall in the tuberculosis-rate has, however, been differently interpreted by various authors. Some have laid stress upon the improved housing of the working classes, others have attached most importance to methods of disinfection, others to the influence of sanatoria and segregation. Newsholme, as the result of an elaborate inquiry, seemed to conclude that institutional segregation had been most powerful of the different factors, without, of course, neglecting other possible agents. Bulstrode and others have called attention to the difficulties of the problem, and among recent studies we would specially mention the dispassionate inquiry conducted by Professor Matthew Hay, of Aberdeen. Hay points out that the phthisis-rate was falling before any very serious nmeasures had been collectively adopted to combat the disease. He remarks The decline began long before the germ origin of tuberculosis had been demonstrated by Koch, although the infectious character of the disease had never been without believers; but, what is more remarkable, the rate of decline was almost as great before any administrative attention was being paid to its infective character as it has been after such attention began. (Hay, p. 68.) These facts give one pause and inevitably call to mind the fascinating subject of the rise, decline and fall of disease prevalence in instances not attributable to human agency. The epidemiological history of plague in England is a case in point.
We may further remark that the existence of a high correlation between the extent of, for example, institutional segregation and a fall in the phthisis-rate does not appear to us a fact of necessarily great significance. The difficulty that perpetually confronts the analyst of such data is caused by the existence of multiple correlation. The association between A and B may be indirect and dependent upon a common association with a third variable C. The theory of multiple correlation and its practical applicability have been so much extended by the labours of modern statisticians that at no distant time we may reasonably look for more light. It must, however, be remembered, that when more than a few variables are involved-and in the problem in question the number may not be small-arithmetical work becomes very laborious. In any case, whatever the future may have in store, no statistical proof of the all-sufficiency of any one of the possible factors or even of the predominating importance of any one, has yet, we think, been adduced. Some workers have realized the statistical difficulties of the problem. Speaking of infection in phthisis, Newsholme writes:-The evidence convincing one as to this does not lend itself to statistical statement, and when stated in print it may not be convincing; but the steady succession of cases in infected households at intervals of one or two years, or longer, the intercurrent destruction of children by tubercular meningitis or 172 Bulloch & Greenwood: Pulmonary Tuberculosis " broncho-pneumonia " while their parents are suffering from chronic phthisis, and other similar evidence, can leave no doubt in the minds of those who come into continuous contact with the actual facts. (Newsholme, p. 70.) With the addition of the words, " and are a priori convinced of the non-existence of a constitutional liability," this extract would not inaptly express the judgment we ourselves have been led to form. In sum, while the indirect method, the study of vital and sanatory statistics, has undoubtedly revealed the existence of phenomena well deserving further inquiry, it has not, we believe, substantially widened our knowledge of the particular problem which engages our attention.
Finally, we must examine recent contributions to the study of constitutional and hereditary factors. Here, again, a classification into direct and indirect methods can be made, but the number of papers falling within the latter sub-class is not great. Many, indeed most, of the writers who have emphasized the hereditary factor in phthisis seem to us to exhibit the same logical insufficiency which appeared to characterize writings of an opposed school, but a few papers are deserving of a fuller notice.
An attempt has been made, notably by Turban and Strandgaard, to obtain direct evidence of the hereditary transmission of a phthisical habitus. Turban published a series of cases in which members of the same family affected by phthisis exhibited a considerable amount of agreement in respect of the age at which the disease first appeared, the site of the lesion and the general course of the disease. From such data he argued that the members of a common stock resemble one another in the possession of a locus minoris resistentia?, such peculiarity being the basis of an hereditary character in the disease. Since Turban did not publish, together with his family records, any data from which the relative frequency of primary disease in different lungs or regions of one lung could be deduced, it was difficult to assent to his conclusion. Quite recently Strandgaard has published another series of family observations, and at the same time provided somewhat extensive material from which the relative frequency of right pulmonary phthisis, left pulmonary disease, and their combinations in each stage (adoptinag Turban's classification into three stadia) could be calculated. Strandgaard himself arrived at substantially the same conclusion as Turban with regard to the main issue of an inherited locus minoris resistentia. If we classify pulmonary lesions into (1) mainly right lung affections, (2) mainly left lung affections, (3) cases in which both lungs are equally involved, then in a pair of phthisical patients taken at random six combi-Epiderniological Section nations are possible-viz., RR, LL, LR, LB, RB, BB, where R signifies class (1), L class (2) and B class (3). From a knowledge of the relative frequencies of the three classes in the general " population " of phthisical patients, it is evidently possible to calculate the probable frequency of each of the six combinations in a sample of pairs which might be expected to occur as a matter of chance. Evidently the same method can be extended to groups of three, four, &c. We found as a matter of fact, on applying this arithmetical test to pairs of brethren at the same stage of the disease, that the frequency of the combination iRL was decidedly less than the calculated value, so far bearing out Strandgaard's interpretation of his material.. The actual frequencies were, however, based on too small numbers for the conclusion to have much importance attached to it.
Time has not permitted of fully analysing the material, but our general impression is that a complete study is fraught with grave difficulties, and that this class of inquiry, although of interest, is not particularly hopeful. A judgment as to the exact localization and extent of the pulmonary lesion is based, in the large majority of instances, upon the results of physical examination. Not being clinical workers, we express an opinion on the value of the methods of diagnosis in current use with great diffidence; we think, however, that we are but echoing the opinions of highly skilled practitioners when we suggest that, however expert the observer, such results are subject to much error. That final court of appeal, the post-mortem table, has not always confirmed the decision of the clinical judge as to the extent or even the site of the pulmonary lesion. Apart from this, an examination of Strandgaard's paper will show that it is, in a fair percentage of the cases, difficult to decide which lung is chiefly involved, so that two independent classifications of the same material might lead to appreciably different results.
The English Biometric school have devoted much attention to the hereditary factor in phthisis. In 1908, Pearson analysed material from the Crossley Sanatorium; he concluded that the intensity of the relationship between the present or past existence of tuberculosis in the parent, and the same disease in the offspring, was of such an order that hereditary transmission of a tendency to develop the complaint must be assumed to exist. The values of the coefficients of correlation led Pearson to conclude that the inheritance of a phthisical predisposition, or, as he termed it, diathesis, was of the same order of intensity as had been found to characterize the transmission of normal physical characters in man. Pearson further expressed the opinion that this factor was of more importance in the genesis of the disease than ordinarily infective conditions (Pearson, p. 25) . Similar conclusions were reached by Goring, who analysed statistics relating to 1,500 criminals.
These results have been subjected to considerable criticism, it having been urged in the first place that the correlation between parent and child might be a measure rather of infection than of true inheritance; in the second place, it was pointed out that data of this kind cannot conform to a high standard of accuracy. In a subsequent paper, Pearson argued that, were infection the chief factor, the correlati6n between husband and wife should be of the same order as between parent and child, but that it w4as in fact much smaller.
It appears to us that the second objection, viz., the alleged untrustworthiness of the statistics, has been to some extent met by the uniformly higher values of the ancestral correlations as compared with the inter-marital constants obtained from material of essentially the same class. It is difficult to understand how errors of record, apart from widespread and intelligent falsification, could lead to such a result. This impression is confirmed by the concordance of Goring's conclusions with those of Pearson, since the former's material was not subject to precisely the same kind of error as that analysed by Pearson, Pope, and Greenwood.
We should not, however, be prepared to regard a study of marital tuberculosis as fulfilling all the conditions of a true control, from the point of view of infective possibilities, since resistance to infection may increase in adult life,' although we are not acquainted with any convincing evidence in man that this is so. It will perhaps be thought that, while biometric studies have somewhat strengthened the evidence in favour of a belief in the importance of an hereditary factor, they have not materially altered the position of thirty-five years ago. These remarks must not be interpreted as implying any disparagement of the care and precision which distinguish the papers under notice.
Lastly, a word may be said as to indirect methods of approaching the subject. If it could be shown from a statistically adequate sample of persons suffering from tuberculosis that they differ significantly in such anthropological characters as skin and eye pigmentation, craniological constants, &c., from the population out of which they come, it would be fair to argue that the factor of inherited predisposition is of I See Greenwood, importance, since few will now deny the heritability of many such characters. Of work dealing with this aspect, the papers of Shrubsall may be mentioned. This author has found some association between brunette traits and pulmonary tuberculosis. It can, of course, be urged that work of this kind is difficult to interpret, since even were some such association definitely established, it might be indirect. It might be, for instance, that a certain type of physique is ill fitted to survive in the struggle for life, and that its possessor tends to be driven to those conditions of environment under which the chances of infection are maximal. Obviously, however, such a criticism is double edged. These anthropometric inquiries undoubtedly deserve further extension.
The reader will have gathered from what has gone before that, in our opinion, the many workers who have dealt with the problem of inheritance and infection during the last few years have failed to achieve any really solid advance from the classical position. Such a conclusion will, of course, have been anticipated by anyone who has contemplated the development of a science, noting the rapid progress up to a certain point, followed by advances each so small as to be inappreciable. Nevertheless, an attentive consideration of the facts relative to our knowledge of tuberculous disease, some of which we have endeavoured to review, would be of much benefit to those persons who say or imply that what has been done in our own time far exceeds in importance the combined efforts of all previous generations. Any such assertion is repugnant to sound scholarship, calculated gravely to mislead the general public, and an injury to the cause of medical science.
More than twenty-eight years ago Leichtenstern made the following remark in the first blush of enthusiasm following the isolation of the tubercle bacillus, and it remains substantially true to-day: "For all Koch's brilliant discovery there are still maany lacunae and open questions facing us in the aetiology of consumption, and these offer to the practitioner, to the statistician, to the pathologist who studies the history and geography, to the pathologist who experiments, and to the bacteriologist, a wide field wherein to co-operate." BIBLIOGRAPHY. ANDRAL, A. " A Treatise on Pathological Anatomy," translated by Townsend and West, Lond., 1829, i, p. 535. AVICENNA. " Medicorum Arabum principis. Liber Canonis, etc., Venetiis, apud Juntas, 1557 ." BARTEL, JULIUS. " Probleme der Tuberkulosefrage," Leipz. und Wien, 1909. BAUMGARTEN, P. "Die Lehre von den Krankheitsanlaaen" in Krehl und Marchand's "Handbuch der allgemeine Pathologie," Leipz., 1908, i, p. 387. DISCUSSION.
The PRESIDENT (Dr. Tlheodore Thomson) said that all present would feel greatly indebted to the authors for the excellent contribution, which set the facts of a difficult subject so well before tlhem. Apart fromii the scientific merits of the pa,per, it was a pleasure to listen to one which had such a historical flavour. It was extremely well done. There were many scientific papers w hich would make nmore agreeable reading if that aspect were more considered. Then there was also the philosophical aspect; for a discussion of the terms dyscrasia, diathesis, "anlage," reminded himirl of tlle days of his youth, when he was struggling througlh the works of Hegel and Spinoza. There was also a strietly personal aspect of the paper, about which he felt somewhat curious, namely the extent and identification of the combined authorship. He thouglht he had one small clue, but it was suCh1 a harmonious whole that it became difficult to know the respective shares of the authors. The Section was favoured by the presence of not a few who were particularly competent to discuss such a paper, among them Mr. Udny Yule, whom he vould call upoll to open the debate.
Mr. UDNY YULE said he did not expect to be called upon to speak on a medical subject in regard to which he had no authority. But the paper had interested him greatly; it was one of the imost sane and balanced discussions of that very difficult problem which he had read. It was a difficult subject from the statistical standpoint the statistics seemed to be so constantly open to more than one interpretation. If one was biased in one way or the other, to lean to the greater importance of the soil, or the greater importance of the seed, one was apt to overlook or to minimize the importance of the other interpretation. In that regard lhe would point out what had not usually been emphasized namely, the difficulty of knowing what was meant by relative importance of soil and seed, if it was admitted that both were factors. If, on the one hand, it was admitted that the character of the body affected the possibility of infection; if, on the other, it was also admitted that persons, even of the same character of body, in different classes of life or engaged in different occupations, were subject to different probabilities or intensities of infection-and he thought most people were coming to admit that-then surely it was the imnportant conclusion, from the medical standpoint, that both soil and seed were factors. If one were then going to ask which was the more important factor, one must define how the importance was to be measured, and he did not at present see how that was going to be done. With regard to interpretation, the crux seemed to him, statistically, to lie in the interpretation of the coefficient of correlation between parent and offspring and the coefficient between husband and wife. The coefficient between parent and offspring was about on a par with the coefficient observed for many physical characters. It was true that the data had been criticized, and it must be admitted that the value of the coefficient found by Pearson was not only based upon data of a doubtful character, but also on an estimate as to the proportion of persons in the population who suffered from tuberculosis; and in so far the coefficient was subject to a considerable margin. But, at any rate, the coefficient between the appearance of tuberculosis in parent and offspring was considerably higher than the coefficient between the appearance of tuberculosis in husband and in wife. That suggested the importance of the soil. But could one regard as being solely due to difference of soil, differences of hereditary disposition, the different rates among different classes of the population? It seemed to him scarcely possible that that could be the interpretation, so far as anthropological research had gone. It was known that different classes of the population differed in some respects, such as the colour of hair and eyes; but the difference was not a very great one, whereas the difference in tuberculosis-rates was very large. It might be supposed that there was some tendency to selection in the production of upper classes as compared with the lower classes. But could it be supposed that there was any large anthropological, quasi racial, difference between such classes as innkeepers and servants, costermongers, general labourers, and a few selected portions of the lower classes who were subject to high tuberculosis-rates on the one hand and the remainder of persons more or less in the same social class on the other ? It was surely difficult to suppose that. He admitted that in the endeavour to find some hypothesis which would serve as a temporary standpoint in regarding these matters, he had come rather to the hypothetical conclusion that there might be some very different liability to infection amongst adults, as compared with children. If children were much more liable to infection by tuberculosis than adults, that might explain the great difference between the coefficients for husband and wife and the coefficient for parents and offspring, as observed by Pearson. He admitted that his hypothesis was not based upon any direct data known to himself, and Mr. Greenwood said that no evidence of less susceptibility to infection on the part of adults was known to him. He had simply tried to find some hypothesis which might unite apparently contradictory statistical data.
Dr. SHRUBSALL asked if the attention of the authors had been drawn to a reference by Professor Geddes to an Assyrian inscription alluding to a wasting disease transmitted from man to man by the discharges, since this would antedate the references given in the paper as to early ideas of the contagious nature of consumption. Anthropometric methods, and particularly investigations of colour types, were brought to the fore by Dr. Beddoe, of Bristol, whose works on racial characters in these islands would remain classics. So far as observations had been made in London, it appeared that the darker types, dark-haired and especially dark-eyed, were found more commionly among patients with tuberculosis than in the corresponding populations in the homes. It was, however, of interest to note that though these dark traits predominated even in children suffering from pulmonary tuberculosis, in cases of joint or glandular tuberculosis fair traits predominated. This suggested that the influence of colour type in determining the mode of onset of tuberculosis might be wortby of further investigation. The types might present different loci minoris resistentitw. The difference in coloration did not depend on age, but was found on contrasting children with children and adults with adults.
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Dr. F. W. MOTT, F.R.S., said he had learned a great deal from the valuable paper that had been read. He was much interested in the subject. About ten years ago the Medico-Psychological Association instituted a collective inquiry as to the prevalence of tuberculosis in asylums, and they came to the conclusion that the patients acquired the disease in the asylums to an enormous extent; and therefore it was a matter of very great importance to the Council whether they should erect separate buildings for the isolation of the tuberculous insane. He recommended that a system of notification should be instituted. That was commenced about eight years ago, and two years ago he published' the results of five years' notification, and the post-mortem evidence relating to that subject. He had long doubted the reliability of the collective investigation of the Medico-Psychological Association, because the personal equation came in to such an enormous extent, and it was uncontrollable. He was much struck by.the fact in making autopsies that when he found active tuberculosis he nearly always found also obsolescent tubercle in the apices of the lungs or in the bronchial glands. Therefore he concluded that although active tuberculosis was a frequent cause of death in asylum patients, it was probable that those patients had suffered from tuberculosis previously, and that it had lighted up again in the asylum.
In 14X8 per cent. of the autopsies made at the London County Asylums during the past five years, active phthisis was found. Again, a great variation in the returns from the various asylums was noticeable, for which the personal equation must be held largely responsible. It cannot be shown that the variation in the incidence of tuberculosis in the various London County Asylums depends in any measure upon the class of patient received, the parish areas from which they are drawn, the construction and age of the asylum, or the dietary or treatment. Cane Hill Asylum, situated on a high chalk down, has a comparatively lower death-rate and a lower tuberculosis death-rate than any? of the other London County Asylums. The relatively higher death-rate from tuberculosis at Claybury may be explained to some extent by the fact that the necropsies are made by a skilled pathologist, or it might be attributed to the clay soil and cold damfp climatic conditions, although the total death-rate is lower than at most of the other asylums.
A comparison of the phthisis death-rate for 1907 at the several age-periods per sane living in London, and per 1,000 of the total living insane population (18,872) resident in the London County Asylums shows that the mortality from phthisis among the insane is highest at a much earlier age-period than among the sane. At the age-period 45-55, when it reaches its maximum among the sane, it is a question whether the incidence among the.insane is much greater than among the sane pauper population.
The comparison also shows that the death-rate from phthisis for the insane between the ages of 15-35 is about fifteen times that for the sane for I Archives of Neurology, 1909, iv, p. 70. the same age-period. Allowance, however, must be made for the fact that the majority of the inmates of the asylums belong to the poorest classes. The Jewish population at Colnev Hatch (mainly aliens) show a higher deathrate (2567 per cent. of total deaths) from tuberculosis than the Christians, for which fact reasons are given. Evidence is not forthcoming to prove that the staff in the London County Asylums contract tuberculosis from the patients.
During the past ten years 1,982 necropsies were made at Claybury Asylum by skilled pathologists, and active phthisis was found in 416 cases (20'9 per cent.). Tuberculous ulceration of the intestines was found in 73 males (36 3 per cent.) and 115 females (53 4 per cent.) of the cases dying with active tuberculosis. Twenty-five per cent. of the deaths with active phthisis occurred within one year of admission, and practically 70 per cent. within five years of admission. The post-ruortem statistics for the past six years show that 516 per cent. of all the patients dying exhibited either obsolescent or active tuberculosis or both.
It was inferred from the post-mortem examination that not more than 10 per cent. of the cases with active phthisis at autopsy were free from tuberculosis when they entered the asylum. It was admitted that the old lesion might have remained obsolescent and a new acquired affection had occurred in some instances. The general conclusion arrived at was: Tuberculous infection depends upon dosage and resistance. There is a distinct correlation of pauperism, tuberculosis and insanitv. The prophylactic measures for the prevention of tuberculosis are good in the London County Asylums as regards milk, food, personal cleanliness, ventilation, clothing, warmth and exercise in the open air, and the liability of infection from preventable causes, in his judgment, was less than in the houses and tenements from which the majority of the pauper insane are taken.
At the time of the report certain prophylactic measures, such as the openair treatment, had either not been adopted or had only recently been adopted in some of the asylums. At one institution, Colney Hatch, a separate building has since been provided. lIt will be interesting to see what effect the earlier and more frequent diagnosis of phthisis with a view to isolation and treatment will have upon the death-rate from tuberculosis in the London County Asylums in the next quinquennium. If there is a considerable fall it does not imply that this is wholly due to sanatorium treatment, for there is a steady decline in the tuberculosis death-rate of the outside population, and this would influence, of course, the number of tuberculous patients entering the asylums.
Dr. Mott also referred to the valuable help he had received from Dr. Bulstrode in reading through the paper and the statistics upon which it was based.
The following were the conclusions he arrived at in consequence of this investigation: Infection in the asylums is not the most important cause of the prevalence of tuberculosis; still less could the view be endorsed that the causes 182 Bulloch & Greenwood: Pulmonary Tuberculosis of tuberculosis inhere in the asylums and not in the condition and character of the patients sent to them.
Notification during five years from all the London County Asylums does not show any ward incidence comparable with that shown by the notification of dysentery during the same period.
The average proportion of living patients reported as tuberculous was 20 per 1,000 inmates of the London County Council Asylums, but the incidence of reported cases showed very considerable variation. The personal equation must largely contribute to these wide differences. Association with mental disease of the cases reported during life indicates that young subjects suffering from melancholia, dementia prsecox, and imbecility are especially prone to the disease.
Post-mortem statistics confirm this correlation, but in addition show that a large number of general paralytics die with recent active tuberculosis which is not diagnosed during life; this is especially the case in regard to female general paralytics, for which fact reasons are given.
Dr. C. J. MARTIN, F.R.S., said the paper was full of scholarship and sound criticism, and also contained a sly humour, which added flavour to it. As far as he could understand, the authors had come to the conclusion that there was no evidence available for measuring the relative values of predisposition as against contagion in the case of phthisis. Mr. Yule had pointed out that there was nothing to measure it by, and it seemed that one was in much the same position as when trying to ascertain how much in the development of an individual was to be attributed to heredity and how much to environment. In the manufacture of a great mathematician, both factors admittedly had their part. If one took a child who had a hereditary predisposition towards mathematics, and placed him under advantageous circumstances, a mathematician was the result. But if that child were kept away from opportunities of instruction, and put to live on a desert island, a mathematician would not result. In intermediate coniditions it was very much a matter of taste which was regarded as the more important factor. The authors had suggested that the activity of the medical profession in recent years had been directed by a policy based on the assumption that infection was the all-important factor, and could be got rid of, by means at our disposal. It was easy to see why that should be so. The most striking advance which had been brought about in our time in this subject had been the discovery of the infective nature of tuberculosis, and of its exact nature. This knowledge had overshadowed the influence of soil. Although we might at present neither know to what extent we could by our measures diminish the opportunities for infection, nor whether such diminution were material, we were working in the right direction in trying to minimize the possibilities of infection. To breed a race which should be less predisposed to tuberculosis, just as the agricultural botanist selected a smut-resistant wheat, might be sound policy, but we should not be able to do much in that direction. Every effort towards diminishing opportunities for infection was right; but perhaps where some members of the profession had gone too far was in explaining to all and sundry that they were going to abolish phthisis by such measures. It was presumably towards the justness of encouraging expectations of that kind that the authors had directed some of their remarks.
Dr. DUDFIELD thought that the gist of the paper, which was of great interest, could be summed up in the old Latin proverb "in mnedio tutissimu,s ibis." " Soil" and " seed " were of great importance, but there was not any justification for holding either one as of greater importance than the other. He wished to suggest that it was not right to regard disease as the resultant of two factors only, such as "soil" and "seed." Expressing that opinion in quasi-mathematical language-if x represented "soil," y "seed," and z the resultant disease, the processes involved could not be represented by either of the equations x + y = z, xy = z. He was of opinion that the facts would be more nearly represented by indefinite integrals, which, as was well known, involved the introduction of unknown constants in the process of integration. There were many factors to be taken into consideration in endeavours to elucidate the causation of disease. Some of those factors it was at present practically impossible to evaluate. Questions relating to the parts played by heredity and acquired infection in the production of pulmonary tuberculosis would, he thought, receive fresh light if the family histories now accumulating at tuberculosis dispensaries were properly examined and collated. Such histories were not based solely on vague statements of patients and their relatives, but upon the results of clinical examination of the majority of the living members of the patients' families.
Dr. G. S. BUCHANAN, commenting upon the historical aspect and the views of ancient writers as to the existence of a tuberculous, diathesis, said one would like to be satisfied that when talking of tuberculous diathesis or predisposition, they meant the same thing as was meant to-day. The present meaning was the liability of a person, apparently healthy, to become tuberculous; but it occurred to him that all those writers up to Laennec, and even beyond, were not dealing with tuberculosis, including phthisis, as they understood it: their standards in some cases did not include any conception of tuberculosis in the pathological sense, or confirm.ation by the tubercle bacillus, or thermometrical observations, or auscultation, or percussion; therefore one could not help thinking that many of what the ancient authors thought were physical characteristics of a diathesis were really what they had frequently observed as the actual consequence of the disease, and that what determined types of 'disposition " with them was the characteristic of people who, though not acutely suffering, were already tuberculous. With regard to the question of the relative importance of disposition and contagion, he agreed with much that had been said about the difficulty, and, perhaps, the futility, of attempting to appraise the relative importance of disposition and contagion, the more so if the term disposition were not limited to hereditary predisposition, as seemed to be the case in the paper. There was either a third factor to be added, or one must divide disposition into hereditary and acquired disposition. If one took the analogy of seed and soil, one wanted something else, to correspond with the necessary sunlight and rain. Such conditions as those of feeding, fresh air, &c., were generally considered to make an enormous difference, not only to the cure of the person who had contracted phthisis, but also in determining whether the people exposed to tuberculous infection became phthisical or not. And if one was balancing between disposition and infection, one must consider the two factors; not merely the hereditary, but also, and probably the more important, the acquired antagonism to disease due to environment.
Dr. KENTISH WRIGHT considered that one point that had been overlooked in many of the investigations on this subject was a clear distinction between cases of tuberculosis which occurred, and deaths from tuberculosis. That was particularly important in view of the question of the two classes of disposition which had been mentioned in the discussion, the hereditary and the acquired disposition. He thought something might be done by investigating the aftercourses of cases of tuberculosis or of phthisis when the conditions were made as favourable as possible, such as by sanatorium treatment and by educative methods such as those practised by dispensaries. In that way some facts might be gained as to whether the predisposition was hereditary or acquired, by observing the effect of improving the conditions of life, and so to some extent eliminating.both the acquirement and the disposition, and eliminating also the possibility of infection or re-infection.
Dr. BULLOCH in replying said that the only object which he and Mr. Greenwood had in bringing the paper before the Epidemiological Section was to enter a protest against the wild statements now being made in the lay and medical Press, that the whole problem of phthisis was one of infection. Medical history showed that in tuberculosis, as also in the case of other diseases, the most extreme views were taken, not by those who had contributed the actual advancement in knowledge, but by those whose business it was to apply those advancements for the needs of the public. There were a large number of well-ascertained facts which were not entirely explicable on the doctrine that disposition was not an important factor in the genesis of the disease, and that before rigorous measures were applied on a wide scale the actual facts should be ascertained. He did not agree that public health authorities must always "do something." This " doing something " should be put a stop to until there was a reasonable supposition that it was going to achieve its end. He did not wish it to be understood that the tubercle bacillus was not a potent factor. What he did refuse to believe was that it was the only factor. He considered that the disposition, the power of the individual to resist the aggressive inroads of the bacillus, was greater than many people held at the present day.
